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ABSTRACT
Helicases are specialized molecular motors that
separate duplex nucleic acids into single strands.
The RecQ family of helicases functions at the
interface of DNA replication, recombination and
repair in bacterial and eukaryotic cells. They are
key, multifunctional enzymes that have been linked
to three human diseases: Bloom’s, Werner’s and
Rothmund–Thomson’s syndromes. This review
summarizes recent studies that relate the structures
of RecQ proteins to their biochemical activities.
INTRODUCTION
Helicases are molecular motors that couple the energy of
nucleoside triphosphate (NTP) hydrolysis to the unwinding
and remodeling of double-stranded (ds) DNA and RNA.
They are essential components of nearly every cellular
nucleic acid metabolic process including replication, recomb-
ination, repair, transcription and translation. Helicases have
historically been categorized by their conservation of charac-
teristic amino acid sequences (helicase motifs) and by their
direction of translocation along nucleic acid substrates (1).
The addition of high-resolution structures of several helicases
gathered over the past decade have resolved molecular details
of helicase function and have provided important insights into
the biochemical mechanisms utilized by different helicase
families (2). This review focuses on recent structural and
functional studies of individual domains from the RecQ fam-
ily of DNA helicases. We have arranged the review to ﬁrst
describe the three-dimensional structures of domains found
in RecQ proteins and then to relate these structures to each
domain’s biochemical and cellular roles.
RecQ DNA HELICASES
RecQ DNA helicases are wide spread in nature and have
been identiﬁed in organisms ranging from bacteria to humans.
The ﬁrst RecQ helicase was identiﬁed over 20 years ago in
Escherichia coli through a screening for mutants resistant to
thymineless-death (3). recQ genes have since been identiﬁed
in every eubacterial and eukaryotic species sequenced to date.
The importance of the RecQ family is illustrated by three dis-
eases that are linked to defects in different human RecQ par-
alogs (4–6). These diseases, Bloom’s, Werner’s and
Rothmund–Thomson syndromes, are caused by mutations in
the BLM, WRN and RECQ4 genes, respectively. Although
these autosomal-recessive disorders are distinct, they all
share a predisposition to cancer, increased chromosomal
aberrations and sensitivity to DNA-damaging agents (7).
The cellular phenotypes of RecQ-deﬁciency syndromes
underscore the caretaking role that RecQ helicases are
thought to play in higher eukaryotes in maintaining genomic
integrity. The functions of RecQ proteins have been the focus
of numerous investigations and there have been several recent
reviews that highlight biochemical, cellular and clinical
aspects of these proteins (7–10). We will therefore only
brieﬂy describe the activities of RecQ proteins here as a back-
drop for the subject of this review.
In E.coli, RecQ is a component of the RecF pathway of
recombinational repair (3). The RecF pathway processes
gapped DNA and can also act on dsDNA ends in cells
when the RecBCD repair pathway has been inactivated
(11). In its dsDNA break (DSB) repair function, RecQ is
thought to aid recombination by generating a single-stranded
(ss) DNA through its helicase activity; this ssDNA is pro-
cessed by RecJ exonuclease, another component of the
RecF pathway, which degrades the 50 ssDNA. RecFOR
then mediates RecA loading on to the remaining 30 ssDNA
to form a ﬁlament that is competent for recombination
(12–14). RecQ helicase activity has also been shown to func-
tion in suppressing illegitimate recombination, rescuing
stalled replication forks and promoting induction of the
SOS response in E.coli (15–17). Thus, E.coli RecQ is impor-
tant for cellular genome maintenance and its activities are
linked by RecQ’s DNA helicase function.
As is the case with their bacterial cousin, eukaryotic RecQ
proteins are also broadly important for genome maintenance.
Several diverse cellular functions have been ascribed to
eukaryotic RecQ proteins, including roles in replication
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recombination regulation and telomere stability [reviewed
in (7,10,18–20)]. As with bacterial RecQ proteins, most
eukaryotic RecQ family members are helicases and this
activity is the key to their functions in cells. In addition,
recent ﬁndings have demonstrated that several human RecQ
helicases (BLM, WRN, RecQ1 and RecQ5b) are capable of
annealing complimentary ssDNA (21–25). This activity has
been hypothesized to contribute to RecQ’s ability to aid
strand-invasion and to promote formation of structures such
as regressed replication forks (23). Under cellular conditions,
however, it is likely that these RecQs primarily act to unwind
DNA, due to the presence of ssDNA-binding protein and high
concentrations of ATP, which favor unwinding over anneal-
ing (22–25). Although a satisfying uniﬁed model linking
the apparently diverse roles of RecQ proteins, especially
those in eukaryotic cells, is currently lacking, it is the notion
of this review that structural and functional analyses of
common structural elements in RecQ proteins will be infor-
mative as to the conserved mechanisms employed by the
RecQ family and that this approach is key to understanding
their cellular roles.
MOTORING AT HIGH RESOLUTION: THE
STRUCTURES OF RecQ FUNCTIONAL DOMAINS
Three conserved sequence elements are commonly found in
RecQ helicases [Helicase, RecQ-C-terminal (RecQ-Ct) and
Helicase-and-RNaseD-like-C-terminal (HRDC) domains]
(26) (Figure 1). The helicase domain is conserved in all
RecQ proteins whereas the RecQ-Ct and HRDC domains
are found in most RecQs but are missing in a small subset
of family members (e.g. human RecQ4 lacks recognizable
Figure 1. Schematic illustration of the structural or functional properties of RecQ protein domains. The N- and C-terminal extensions (gray) from the conserved
core domains and the Helicase (red), RecQ-Ct (green) and HRDC (peach) domains are shown on the left-hand side. Boxes outlining contributions or deficiencies
associated with each region are shown on the right-hand side in corresponding colors.
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domain). In addition to these elements, eukaryotic RecQ
proteins often encode N- and C-terminal extensions that
confer additional enzymatic activities, such as the exonucle-
ase domain in WRN, sequences that are important for binding
to heterologous proteins and motifs that facilitate proper
subcellular localization (7) (Figure 1).
Limited proteolysis studies demonstrated that the proto-
typical E.coli RecQ protein is composed of a modular
structure that can be divided into two structural domains
(27). The ﬁrst includes the Helicase and RecQ-Ct elements,
which combine to form what has been termed the RecQ ‘cat-
alytic core’ owing to its retention of ATPase and helicase
activities. The HRDC domain forms the second structural
domain in E.coli RecQ in which it is important for structure-
speciﬁc DNA binding. Dissection of domains from BLM
(28), WRN (29) and Saccharomyces cerevisiae Sgs1 (30)
are consistent with conservation of a similar modular domain
structure throughout the RecQ family. Crystal structures of
both the structural domains of E.coli RecQ have been deter-
mined as has an NMR structure of the S.cerevisiae Sgs1
HRDC domain (Figure 2) (30–32). The combination of
these structures presents a high-resolution view of the con-
served elements found in a typical RecQ helicase and has
helped to explain the functions of RecQ domain as well as
providing a rationale for why mutations in the conserved
regions of eukaryotic RecQ family members cause disease.
Helicase domain
The RecQ helicase domain is typical of other Superfamily
(SF) 1 and 2 helicases in that it contains the seven commonly
conserved helicase motifs (I, Ia, II, III, IV, V, VI) involved in
coupling the energy of NTP hydrolysis to the separation of
nucleic acid duplexes (33). The ﬁrst high-resolution struc-
tures of helicases demonstrated that a subset of these
conserved motifs folds to create an NTP-binding site and
that the structures of helicases share signiﬁcant similarity to
that of RecA (34–36). It now appears that all helicases con-
tain RecA-like modules that form their core motor domains,
and that many such enzymes use two RecA-like domains to
facilitate DNA unwinding (Figure 2a, shown in blue and
red). The helicase domain of RecQ (an SF2 helicase), with
some exceptions noted below, is quite similar to other SF1
and SF2 helicases of known structure.
ATP binding and hydrolysis
In addition to the classic helicase motifs, RecQ family
members possess a sequence element N-terminal to
motif I called ‘motif 0’ that is composed of the sequence
Lx3(F/Y/W)Gx3F(R/K)x2Q (27). A similar element called a
‘Q motif’ has also been characterized in DEAD-box RNA
helicases where it is important for NTP binding and hydrol-
ysis (37). The crystal structure of the E.coli RecQ catalytic
core domain bound to ATPgS (an ATP analog) showed that
motif 0 forms a loop connecting two helices that creates a
pocket to accommodate the adenine base of the ATPgS
molecule (31) (Figure 2b). The C-terminal Gln residue
(Gln30) of the motif forms hydrogen bonds with the N6
and N7 atoms of the adenine; in this way motif 0 binds
ATP speciﬁcally, which is E.coli RecQ’s preferred NTP
cofactor (38). Two other motif 0 residues, Tyr23 and
Arg27, are positioned along either side of the adenine base
and stabilize its association with the enzyme (Figure 2b,
shown in purple). This three-dimensional arrangement is
remarkably similar to that of the Q motif in RNA helicases
(37) and could indicate an evolutionary linkage between
RecQ and DEAD-box helicases.
The effects of motif 0 mutations on RecQ activity
show that it is critical for enzyme function. First, a naturally
occurring BLM missense mutation that causes Bloom’s syn-
drome maps to motif 0 (4). This mutation substitutes an Arg
for the Gln in motif 0, which, when integrated in murine
BLM, inactivates the variant as an ATPase and helicase
(39). An analogous mutation in S.cerevisiae Sgs1 renders
the cells as sensitive to DNA-damaging agents as an sgs1
deletion strain (40), whereas its mutation in human RecQ5b
reduces the ATPase activity of the enzyme by half (25).
These studies demonstrate the importance of motif 0 to
RecQ helicase function and indicate that RecQ motor func-
tion is the key to its cellular activities.
Helicase motifs I and II, also known as the Walker A and B
motifs, share similarity to NTP-binding sequences of the
E.coli ATP synthase (41). These motifs serve as sites of
interaction with ATP and Mg
2+ in many enzymes, and func-
tion by stabilizing the transition-state intermediate formed
between a water nucleophile and the g-phosphate of ATP
(42). Motif I forms the phosphate-binding loop (or ‘P
loop’) and has the consensus sequence Gx4GK(T/S). In
E.coli RecQ, the ‘GKS’ residues lie at the end of a loop
connecting its b1 strand and a3 helix (31). The last residue
of motif I, Ser54, helps in positioning a Mg
2+ ion near the
ATP phosphate groups where it is likely to stabilize the
hydrolysis transition state (Figure 2b, shown in green) (43).
The penultimate residue, Lys53, is thought to bind the
g-phosphate during ATP hydrolysis. Similar to the results
from motif 0 mutations, alterations of motif I sequence in
RecQ family members produce dire consequences: mutation
of the motif I lysine in E.coli RecQ (44), human WRN
(45), human RecQ5b (25) or S.cerevisiae Sgs1 (46) results
in the loss of ATPase and helicase activity. Moreover, intro-
duction of the human WRN lysine mutant into mice induces a
Werner’s syndrome phenotype in tail-derived ﬁbroblasts (47).
Motif II is located in the loop connecting the b5 strand
and a8 helix of E.coli RecQ, and is composed of the con-
served sequence DExH. The carboxyl side chain of
Asp146 helps to coordinate the catalytic Mg
2+ ion, whereas
Glu147 probably acts as the catalytic base that polarizes a
water molecule for attack on the ATP g-phosphate. The
structures of other SF2 helicases have revealed a conserved
interaction between the histidine residue of motif II and a
glutamine residue from motif VI (48,49). E.coli RecQ
encodes two histidines in this portion of the molecule that
are in close proximity to Gln322 from its motif VI:
His149 and His156. His149 is part of motif II whereas
His156 is in an aromatic-rich loop (or ‘ARL’) located
between motifs II and III that is similar to an ARL involved
in DNA binding in PcrA (Figure 2b, shown in cyan) (50).
Thus, it is presently unclear how motifs II and VI might
interact during ATP hydrolysis in RecQ but the structure
of the RecQ catalytic core has identiﬁed candidates that
could facilitate coordination between the motifs.
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As is the case with other helicases, RecQ proteins are almost
certainly dynamic enzymes that have different structures
when bound to different reaction components (e.g. ATP,
ADP and/or DNA). A consideration of domain mobility in
RecQ proteins is important since it will be linked to activity
in the enzyme. The aforementioned proximity of residues
from motifs II and VI may be important for such motions.
It is possible, for example, that the position of His149 or
His156 could be sensitive to the presence of ATP, ADP or
Figure 2. Structural features of RecQ DNA helicases. (a) Orthogonal views of a ribbon diagram of RecQ catalytic core crystal structure (31). The catalytic core
domain is composed of the helicase domain shown in red and blue, and the RecQ-Ct domain shown in yellow and green. The ATPgS moiety is colored according
to atom identity where carbon ¼ slate, nitrogen ¼ blue, oxygen ¼ red, and phosphorus or sulfur ¼ orange. (b) Stereo diagram of the ATP-binding site and
residues predicted to be involved in hydrolysis. The main chain of the conserved motifs and their relevant residues are colored as follows: Motif 0 in purple,
Motif I in green, Motif II in cyan and Motif VI in gold. An Mn
2+ ion is shown as a purple sphere above Lys53. (c) Subdomains of the RecQ-Ct domain. The zinc-
binding domain is shown in yellow, with the four Zn
2+ coordinating cysteine residues shown in blue. The winged-helix domain is shown in green and contains the
‘recognition helix’. (d) The HRDC domain (32) is shown in salmon and its 310 helix is labeled. (e) Structure of the WRN exonuclease domain bound to Mg
2+
(74). Helices (blue), sheets (red) and loops (salmon) are shown with active site residue sidechains as green sticks and Mg
2+ ions as magenta spheres. Structure
figures created using PyMol (79).
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like module in the RecQ helicase domain through an interac-
tion with Gln322. Interestingly, residues in the E.coli RecQ
ARL, which contains His156, have been recently shown to
be critical for coupling ATP hydrolysis to DNA unwinding
(51). Mutation of Trp154, Phe158 or Arg159 in E.coli
RecQ reduces its DNA-dependent ATP hydrolysis and heli-
case activity without affecting DNA binding. Mutation of
the equivalent Trp and Arg residues in S.cerevisiae Sgs1
makes cells as sensitive to DNA-damaging agents as sgs1
strain (52), indicating their importance in vivo. This may
point toward the ARL as an important link among ATP
hydrolysis, DNA binding and DNA unwinding as has been
demonstrated in PcrA and Rep helicases when similar resi-
dues in their ARLs have been mutated (53,54), although the
ARLs in these SF1 enzymes form part of motif III.
Another frequent means by which the RecA-like domains
of helicases communicate is through an ‘arginine ﬁnger’
that protrudes into the ATP-binding pocket from the second
RecA-like module (2). Once an NTP is bound, this arginine
is displaced and the position of the second domain is subse-
quently altered. In E.coli RecQ, Arg326 and Arg329 are both
near the ATP-binding site of the ﬁrst domain, though it is
unknown which, if either, of these two residues might serve
as an arginine ﬁnger (Figure 2b). Arg329 is a conserved
residue in the middle of motif VI (Qx2GRx2R) and its posi-
tion relative to the ATP-binding lobe in RecQ is similar to
that of the Arg-ﬁnger in PcrA (Figure 2b, shown in gold
color) (50). Although such studies are only beginning to
take shape, an understanding of RecQ helicase domain
dynamics will be essential for an appreciation of the mecha-
nisms underlying its motor functions.
Addition features of the RecQ helicase domain
The roles of conserved helicase motifs Ia, IV and V are less
well deﬁned for RecQ than for its other motifs. These motifs
typically comprise aromatic and charged residues and are
involved in binding to the phosphate backbone or bases of
oligonucleotides in SF1 helicases such as Rep, PcrA and
NS3 (35,50,55), and the SF2 helicase HCV (48). Precisely
how RecQ binds DNA is presently unclear, though it may
combine strategies from both SF1 and SF2 helicases. Based
on its sequence, RecQ is an SF2 helicase, but the presence
of aromatic and charged regions similar to the ssDNA-
binding residues in SF1 helicases (51) and the diminished
ability of the WRN and BLM proteins to bind DNA sub-
strates with restricted backbone ﬂexibility (56) suggest that
RecQs may also utilize a base-ﬂipping mechanism proposed
for SF1 helicases. Further examination of the roles of
potential DNA-binding residues in RecQ proteins should
provide useful insights into its mechanism of DNA binding
and unwinding.
Several disease-causing and other debilitating mutations
map to the Helicase domain of eukaryotic RecQ proteins.
All of the known disease-linked WRN and RECQ4 mutations,
along with most of the known BLM disease-linked mutations,
result in the production of truncated proteins that are mislo-
calized due to a failure to express a C-terminal localization
sequence (4–6). However, there are also seven known BLM
missense mutations that cause Bloom’s syndrome; ﬁve map
to the helicase domain whereas the remaining two map to
the RecQ-Ct domain (4). Besides the motif 0 Gln-to-Arg
substitution described above, the four remaining mutations
change the polarity or size of residues within the helicase
domains and are predicted to lead to destabilization of the
helicase domain (31). In addition, a recent study on the
effects of polymorphisms in WRN that do not cause Werner’s
syndrome highlighted an Arg-to-Cys mutation near motif VI
that reduced both its helicase and exonuclease activity (57).
These ﬁndings indicate that proper helicase activity is an
essential part of RecQ cellular activity.
RecQ-Ct domain
The RecQ-Ct domain forms the second largest conserved
domain in the RecQ family. It is unique to RecQ family
members and is best deﬁned at the sequence level by the
conservation of four cysteine residues in a zinc-binding
motif, C(R/H)(R/H)xnCxxCDxC. In the E.coli RecQ catalytic
core structure, Cys380 and Cys403 are encoded within a pair
of helices whereas Cys397 and Cys400 lie within a loop
connecting the helices (31). Together, they form a zinc-
binding scaffold that is integral to the structural stability of
the protein, as is evident by the insolubility and degradation
of E.coli RecQ and BLM when mutations in these conserved
cysteines are made (Figure 2c, shown in blue) (28,31,58,59).
Mutations in either of the two of these cysteines in BLM are
sufﬁcient to cause Bloom’s syndrome (4), probably due to
misfolding of the protein when this region is disrupted. Simi-
lar missense mutations of S.cerevisiae Sgs1 Cys residues
result in enhanced sensitivity to DNA-damaging agents
(40,52). Additional activities of RecQ’s zinc-binding motif
beyond protein stability, such as DNA binding or protein
binding, are certainly possible but are likely to have been
masked in mutagenesis and deletion analyses due to destabi-
lization of the domain through either approach.
In addition to the zinc-binding region, the RecQ-Ct domain
contains a winged-helix (WH) subdomain. RecQ’s WH
sequence is not as well conserved as the helicase domain
and zinc-binding motif in RecQ helicases, but the E.coli
RecQ catalytic core crystal structure and a recent NMR struc-
ture of the WH region from human WRN showed that the
WH fold is present in both proteins despite their sharing
only 17% identity (31,60). The WH element forms a helix–
turn–helix fold; one of these helices has been termed a
‘recognition helix’ and is predicted to be important for
dsDNA binding (Figure 2c, shown in green) (31). Consistent
with this idea, the RecQ-Ct domain in E.coli RecQ, BLM and
WRN bind several distinct DNA structures such as Holliday
Junction (HJ) DNA, D-loops and G4 DNA (29,61,62).
Similar WH folds have been identiﬁed in the structures of
transcription factors CAP (63) and hRFX1 (64) where they
bind along the major groove to dsDNA, and more recently
in the human DNA repair protein AGT where it binds
dsDNA through a minor groove interaction (65). Interest-
ingly, the WH domain in WRN is also an important site for
binding to heterologous genome maintenance proteins in cells
[reviewed in (7,66)]. Therefore, it appears that the RecQ-Ct
domain is remarkably multi-faceted, with important roles in
DNA binding, heterologous protein binding and protein
stability.
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The C-terminal-most conserved domain in RecQ family
members is the HRDC domain. The E.coli RecQ and
S.cerevisiae Sgs1 HRDC domains form independently folded
structural domains that are capable of binding DNA (27,30–
32). The NMR structure of the S.cerevisiae Sgs1 HRDC
domain and crystal structure of the E.coli RecQ HRDC
domain have been solved and both form globular helical
domains (Figure 2d) (30,32). The E.coli RecQ HRDC domain
is distinguished from the Sgs1 domain by virtue of an addi-
tional 310 helix connecting the a1 and a2 helices. This fold
exposes a hydrophobic patch consisting of residues 552–
556 in E.coli RecQ, of which Tyr555 is important for binding
to both ssDNA and partial duplex DNA with a 30-overhang
(32). Surprisingly, mutation of this Tyr to Ala increases the
afﬁnity of E.coli RecQ for a synthetic HJ structure, indicating
that mutations in this domain can dramatically alter the
structure-speciﬁc DNA-binding properties of the enzyme.
Additional basic residues help to form an electropositive
region involved in DNA binding along with the Tyr in
the E.coli RecQ HRDC domain (32). In contrast, while the
HRDC domain of S.cerevisiae Sgs1 also utilizes an electro-
positive surface for interactions with ssDNA, it appears to
do so using residues from a different face of the domain to
form its binding site (30). Since the HRDC domain is the
most variable of the conserved RecQ domains, the presence
of species-speciﬁc DNA-binding modes suggest that the
domain can be adapted to ﬁt speciﬁc needs of individual
RecQ family members.
Interestingly, there are RecQ proteins that do not include
an HRDC domain at all as well as a handful in which multiple
HRDC domains are present. Three human RecQ homologs,
RecQ1, RecQ4 and all isoforms of RecQ5, lack identiﬁable
HRDC domains altogether. In contrast, two HRDC domains
are present in Rhodobacter sphaeroides RecQ and three are
found in RecQ from Deinococcus radiodurans, Neisseria
meningitidis and Neisseria gonorrhea. Biochemical analysis
of the D.radiodurans RecQ showed that the additional
C-terminal HRDC domains attenuate DNA binding, unwinding
and ATP hydrolysis in the enzyme, whereas the N-terminal-
most HRDC domain enhances these activities (67). This is
another example of how HRDC domains can be specialized
to carry out speciﬁc roles in regulating RecQ’s activities.
The importance of the HRDC domain and other C-terminal
elements has been demonstrated in higher eukaryotic RecQ
proteins as well. First, the HRDC domain is a critical deter-
minant for BLM-catalyzed double-HJ (dHJ) unwinding and
dissolution (along with topoisomerase III) but not for unwind-
ing forked substrates (68). The HRDC domain of E.coli RecQ
is also required for efﬁcient unwinding of dHJs, indicating
conservation of HRDC domain function, although E.coli
RecQ does not stimulate dHJ dissolution. Second, a C-
terminal segment of BLM that contains the RecQ-Ct and
HRDC domains interacts with the telomere-associated protein
TRF2, which stimulates unwinding of telomeric 30OH and D-
loop structures (69). Third, a C-terminal domain of the WRN
including its HRDC domain speciﬁcally binds HJ and forked
DNA substrates (70). The latter two observations are some-
what complicated by the use of protein fragments that include
sequences outside of the deﬁned HRDC domain elements;
however, the accumulated evidence suggests that the
HRDC domain plays an important role in controlling the
activities of RecQ helicases by virtue of its structure-speciﬁc
DNA binding and possible protein-binding properties.
WRN exonuclease domain
The domain architecture of the WRN protein is an exception
to other RecQ family members since it encodes an N-terminal
exonuclease domain (71–73). Crystal structures of a protease-
resistant fragment of this domain (residues 38–236) with
several different cofactors have recently been solved
(Figure 2e) (74). The structures reveal a similar overall fold
to the DnaQ family of proteins, most notably the exonuclease
domain of E.coli DNA polymerase I or ‘Klenow fragment’
(75) and the Arabidopsis thaliana protein At5G06450
(www.pdb.org) (76). Alignment of these structural homologs
shows a strong conservation of the active site residues that
are involved in coordinating two catalytic metal ions
(Figure 2e, shown in green). Two of these residues, Glu84
and Tyr212, have been shown to be critical for efﬁcient
WRN nuclease activity in vitro (74). In addition, the identity
of the active site metal is important for biochemical activity:
magnesium and manganese facilitate efﬁcient nucleic acid
digestion whereas europium inhibits this activity, possibly
due to misalignment of the DNA backbone across the
active site.
WRN function in the non-homologous end-joining
pathway has been inferred from its interaction with the
DNA-PK subunit Ku70/80 (77,78). This interaction stimu-
lates activity of the isolated WRN exonuclease domain
comparably to that observed in the full-length WRN protein,
consistent with direct interaction between the WRN exonu-
clease module and Ku70/80 (74). Moreover, when examined
in human WS ﬁbroblast cells, a plasmid-based end-joining
assay indicated that both the exonuclease and helicase
activities of WRN are required to fully complement WS
cells (74). These studies, together with the WRN exonuclease
domain structure, offer important insights into the role of the
exonuclease domain in WRN function.
CONCLUSION
High-resolution structures of RecQ helicase domains have
provided an important primer for analyzing the structural
basis for RecQ function. RecQ’s structural features suggest
a modular design in which the mechanism of ATP hydrolysis
is conserved with other helicases and its substrate speciﬁcity
and targeting are provided by the RecQ-Ct and HRDC
domains. Recent studies have also begun to highlight the
structural mechanisms of the nuclease domain found in
WRN. Mutations in each of these regions affect RecQ’s
catalytic function and/or its interactions with other proteins
and DNA structures in the cell. Even in E.coli, however,
aspects of RecQ function remain unclear, such as the speciﬁc
mechanism used by RecQ to bind and unwind nucleic acids,
the identity of protein partners that modulate this activity and
how these factors may contribute to each of its proposed
cellular roles. Future experiments coupled with the growing
body of structural information from various RecQ family
Nucleic Acids Research, 2006, Vol. 34, No. 15 4103members should help reﬁne an integrated model of RecQ
function.
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